Using the quasars with z em < 0.9 from the Baryon Oscillation Spectroscopic Survey, we measure the spectral characteristics, including continuum and emission lines, around the Hβ and Hα spectral regions, which are lacking in Quasar Data Release 12 (DR12Q). We estimate the virial black hole mass from broad Hα and/or Hβ, and infer quasar redshifts from [O III] λ5007 emission lines. All the measurements and derived quantities are publicly available. The comparison between [O III] λ5007 based redshifts and the visual inspection redshifts included in DR12Q indicates that the visual inspection redshifts are robust. We find that the FWHMs of the broad Hα are consistent with those of the broad Hβ, while both the equivalent widths and line luminosities of the broad Hα are obviously larger than the corresponding quantities of the broad Hβ. We also find that there is an obviously systematic offset between the Hβ and Hα based mass if they are inferred from the empirical relationships in the literature. Using our large quasar sample, we have improved the Hβ and Hα based mass estimators by minimizing the difference between the Hβ and Hαbased mass. For the black hole mass estimator (Equation (1)), we find that the coefficients (a, b) = (7.00, 0.50) for the Hα and (a, b) = (6.96, 0.50) for the Hβ are the best choices.
INTRODUCTION
It is widely accepted that supermassive black holes (SMBHs) reside at the central region of all massive galaxies, mostly in the form of active galactic nuclei (AGNs; e.g. Kormendy & Ho 2013) . The mass of the SMBH (M BH ) can reach up to 10 10 M ⊙ (e.g., Wu et al. 2015) . A foundational and important problem is how the black hole evolves with cosmic time and what role the black hole plays in the properties and evolution of the quasar host galaxy and surrounding environment. It is found that the properties of SMHBs, such as accretion rate density and mass, are tightly connected to the global properties of the stellar within their host galaxies (e.g., Gu et al. 2009; Kormendy & Ho 2013; Madau & Dickinson 2014) . However, the underlying physics is still widely debated, particularly why, when and how the SMBHs and their host galaxies regulate one another. A crucial issue in these problems is measuring the emission characteristics and M BH of AGNs/quasars.
Assuming a virial broad emission line region (BLR), using the measurement of broad emission line width (υ) and the distance R between the central region and the BLR, which can be revealed by reverberation mapping (e.g.; Blandford & McKee 1982; Peterson 1993) , we can determine the black hole mass M BH = Rυ 2 /G, where G is the gravitational constant. With the help of the empirical relationship between R and luminosity (L) of the central region (e.g.; Kaspi et al. 2000) , one can easily obtain M BH for a large number of objects with the L and υ which can be directly yielded from a single-epoch spectrum.
The Sloan Digital Sky survey (SDSS; York et al. 2000 ) is a great and ambitious project in astronomy. During the third stage of the SDSS, the Baryon Oscillation Spectroscopic Survey (BOSS; Dawson et al. 2013 ) has obtained 297 301 unique quasar spectra (Pâris et al. 2017) , offering a great opportunity to infer the properties of quasars. Broad C IV, Mg II, Hβ and Hα emission lines are important tools for describing the dynamic mechanisms within the broad emission line region of quasars, whose characteristics are also crucial to infer the properties of SMBHs. Pâris et al. (2017) have measured the full width at half maximum (FWHM) for the broad C IV and Mg II emission lines, but lack the continuum luminosities and emission measurements in Hβ spectral region (including Hβ and [O III] λλ4959,5007) and Hα spectral region (including Hα, [N II] λλ6549,6585 and [S II] λλ6718,6732). The continuum luminosity is crucial to infer the M BH of the SMBHs. Using the FWHMs of C IV and Mg II from Pâris et al. (2017) and the continuum luminosities that are derived from the broadband urgiz magnitudes of the SDSS (Fukugita et al. 1996) , Kozłowski (2017) estimated the black hole masses for most of the quasars included in Pâris et al. (2017) . While, both Kozłowski (2017) and Pâris et al. (2017) lack the measurements in Hβ and Hα spectral regions, which are very important to constrain the properties of quasars, especially for the quasars with low redshifts. In this paper, we make up these deficiencies by analyzing the BOSS spectral data in Hβ and Hα spectral regions.
In Section 2, we describe the quasar sample, spectral measurements, and catalogs. We present the collective properties of the measurements and discussions in Section 3. The summary is presented in Section 4. In this paper, we adopt the ΛCDM cosmology with Ω M = 0.3, Ω Λ = 0.7, and H 0 = 70 km s
THE QUASAR SAMPLE AND SPECTRAL MEASUREMENTS
The SDSS uses a dedicated wide-field 2.5 m telescope (Gunn et al. 2006 ) with drift-scan camera (Gunn et al. 1998 ), located at Apache Point Observatory, New Mexico to image the universe in five broad bands (ugriz; Fukugita et al. 1996) . The SDSS obtained the first light in 1998 May, and operated regular survey in 2000. The BOSS is the main dark time legacy survey of the third phase of the SDSS (SDSS-III; Eisenstein et al. 2011 ) from 2008 July to 2014 June, who gathered quasar spectra data (Ross et al. 2012 ) under the guideline of the SDSS-DR8 imaging data (Aihara et al. 2011 ). The BOSS produces spectra in a wavelength range of 3600 Å < λ < 10400 Å at a resolution of R = 1300 ∼ 2500 (Alam et al. 2015) .
The Data Release 12 Quasar Catalog of the SDSS (DR12Q; Pâris et al. 2017 ) includes 297 301 unique quasars, which are detected in a sky area over 9376 deg 2 . These quasars are visually and spectroscopically confirmed, brighter than M i (z = 2) = −20.5, and have at least one emission line with an FWHM > 500 km s −1 or interesting/complex absorption features. Most of quasars (184101/297301) are located at z > 2.15. Pâris et al. (2017) The spectral fitting methods used in this paper are similar to those utilized in Shen et al. (2011) and Chen et al. (2009) . We correct the Galactic extinction in the BOSS spectra based on the reddening measurements of Schlafly & Finkbeiner (2011) and the Milky Way extinction curve from Cardelli et al. (1989) (Vestergaard & Wilkes 2001; Véron-Cetty et al. 2004) in Hβ and Hα spectral regions, respectively. These fits lack the contaminations of broad emission lines. The spectra subtracted by continuum+iron fits are invoked to measure emission characteristics with multiGaussian functions. In the following, we describe in detail the fitting programs in the Hβ and Hα spectral regions, respectively. The codes used to fit spectra are free to readers who contact us. , where the S/N is the median signal-to-noise ratio in the wavelength range from 6300 Å to 6900 Å. The spectral windows for the continuum+iron fits are [6000, 6300] Komossa et al. 2008; Liu et al. 2010) . Therefore, we invoke two Gaussian functions to characterize each component of a [O III] λλ4959,5007 doublet, of which one is for the core and the other one is for the wing (e.g., Shen et al. 2011; Peng et al. 2014) . Figure 1 ). And also, a combination of two Gaussian functions, one for the core component and the other one for the wing component, would well characterize a vast majority of the broad Hα or Hβ components. Nevertheless, a combination of three Gaussian functions is still invoked to model the broad components so that the methods used in this paper are consistent with those utilized in Shen et al. (2011) .
The fitting results are visually checked one-by-one. We are confident that the vast majority of the spectral fits (> 95%) are reliable. All the emission components in corresponding line-fitting regions are fitted simultaneously with decreasing χ ing three Gaussian functions to model the broad components, about 97% of the fits in Hα spectral regions and > 99% of the fits in Hβ spectral regions have a χ 2 value of < 3, which are similar to the fitting results of Shen et al. (2011) . The median S/N around line fitting regions for the quasars with line measurements is plotted in Figure 2 , which shows that there are many quasar spectra with low median S/N. During the fitting processes, we fixed the flux ratios of the [O III] λλ4959,5007 and [N II] λλ6549,6585 doublets to be constant values. However, we found that in many objects, the flux ratios deviated from the fixed values, which might be due to the more extreme physical conditions (e.g., Rosa 1985; Storey & Zeippen 2000; Gu et al. 2006 , and references therein). The low S/N and the fixed flux ratios could reduce the goodness of the spectral fits for some quasars, and would be important reasons why some quasars modeling the broad components, even with three Gaussian functions, still exhibit large χ 2 values. We find that with the broad component modeling from a single Gaussian function, about 17% of the fits in Hα spectral regions, and ∼ 3% of the fits in Hβ spectral regions, have χ 2 values of > 3. These fractions are significantly larger than those of the fits modeling the broad components with three Gaussian functions. Outflow, inflow, and disk emitters could result in broad emission lines with asymmetric profiles, which, on average, cannot be as described with a single Gaussian function. As examples, Figure 3 compares the fits modeling broad emission components with a single and three Gaussian functions, respectively. It is clear that the broad components can be well described with a combination of three Gaussian functions, but not with a single Gaussian function.
The black hole mass
The reverberation mapping technique can infer the radius of the virialized broad emission line region (BLR) of the quasar from the time lag of variabilities between the continuum and broad emission lines (e.g.; Blandford & McKee 1982; Peterson 1993) . Combining the R BRL and the velocity dispersion of the BRL, one can derive the virial mass of the black hole (M BH ) (e.g.; Wandel et al. 1999; Kaspi et al. 2000) . Tight correlation between R BRL and optical continuum luminosity largely reduces the difficulty of deriving R BRL (e.g.; Kaspi et al. 2000) , which suggests that the optical continuum luminosity can be used as a proxy of the R BRL . The velocity dispersion of the BRL can be generally reflected by broad line width. One can directly measure the line width and continuum luminosity from a single-epoch spectrum and thereby derives the M BH . Using the spectral measurements, the M BH is typically estimated via
(1) where the λL λ is the monochromatic luminosity of the continuum, and the calibrated coefficients (a,b) are empirical values (e.g.; Greene & Ho 2005; Vestergaard & Peterson 2006; Shen et al. 2011) , which are estimated typically by reverberation mapping of nearby AGNs.
In this paper, we utilize the Hβ and/or Hα broad emission lines and corresponding continuum luminosity at 5100 Å (L 5100 ) to estimate the virial mass of the quasar central black hole, where the L 5100 is directly measured from the fitting power law. We use calibrated coefficients of (a, b) = (6.91, 0.50) to infer the M BH from Hβ emission lines (e.g. in the BOSS spectra, we also estimated the M BH from Hα emission lines. The total Hα line luminosities are tightly related to the continuum luminosities at 5100 Å, and the virial mass estimator based on the Hα emissions can be expressed as (Greene & Ho 2005) :
(2) where L Hα is the total luminosity of broad and narrow Hα components. Section 3 will compares the M BH obtained by Hβ and Hα emissions.
2.5. The spectral catalog We tabulate the measurements from spectral fits in the online catalogs of this paper. The descriptions of the catalogs are provided in Tables 1 and 2 . Flux measurements have been corrected for galactic extinction based on the reddening measurements of Schlafly & Finkbeiner (2011) and the Milky Way extinction curve from Cardelli et al. (1989) . We estimate the uncertainties of the equivalent widths and luminosities of detectable emission lines through integrating flux uncertainties within ±3σ line widths, where σ = FW HM/2.3548 is the velocity dispersion of the corresponding emission line. For broad emission components, we estimate the uncertainties with the FWHMs of the fits modeling the broad component with a single Gaussian function. One can approximately estimate the uncertainties with the FWHMs of the fits modeling the broad component with three Gaussian functions by comparing the FWHMs of the fits modeling the broad component with a single and three Gaussian functions.
COLLECTIVE PROPERTIES AND DISCUSSIONS
The spectral measurements of this paper are useful for investigating the statistical properties of quasars. In this section, we mainly present the collective properties of measurements.
Using a combination of multi eigenspectra that are inferred from a principal component analysis of the quasars with robust redshifts, the SDSS pipeline yields high accurate redshifts (pipeline redshifts) for most of quasars (Bolton et al. 2012). In order to correct for the bad pipeline redshifts, Pâris et al. (2017) visually checked all objects included in the DR12Q and modified the bad pipeline redshifts to Mg IIbased redshifts. Therefore, the visual inspection redshifts would be better values relative to the pipeline redshifts. Nevertheless, we note that the Mg IIbased redshifts would also show a bias with respect to the narrow [O III] λ5007based redshifts (e.g.; Shen 2016). Figure 4 shows the velocity offsets of the visual inspection redshifts with respect to the [O III] λ5007based redshifts. We find a mean offset of 9 km s for this velocity offset, which suggest that the visual inspection redshifts provided by Pâris et al. (2017) are robust.
We model the broad Hβ and Hα components with either a single Gaussian function or a combination of three Gaussian functions. Figure 5 compares the FWHMs that are yielded by these two different methods. We find that a single Gaussian function fittings often yield a larger FWHMs relative to the three Gaussian function fitting. Nevertheless, we note that the differences between the FWHMs yielded by the two different methods would not produce a large bias in the virial mass of the black holes (less than 2.5 times). Figure 6 compares the FWHMs between the broad Hβ and Hα for the quasars with both lines being available in the BOSS spectra. We find a strong correlation between the FWHMs of the broad Hβ and Hα, which is similar to previous studies (e.g.; Greene & Ho 2005; Shen et al. 2011 ). Nonetheless, it is clear that there is a large scatter if the broad Hβ and Hα are modeled with a single Gaussian function.
For the quasars included in the DR12Q, Kozłowski (2017) inferred the continuum luminosities at 3000 Å or 1350 Å from the broadband urgiz magnitudes of the SDSS, and estimated the virial mass of the black holes for the quasars with broad Mg II or C IV being available in the BOSS spectra, where the broad Mg II or C IV emission components were modeled with a single Gaussian function (e.g.; Bolton et al. 2012; Pâris et al. 2017 ). For comparisons, we firstly derive the Hβbased M BH from Equation (1) with calibrated coefficients of (a, b) = (6.91, 0.50) (e.g.; Vestergaard & Peterson 2006; Shen et al. 2011) , where the broad emission components are modeled with a single Gaussian function. In Figure  7 , we compare the M BH between the broad Mg II and Hβ mass estimators for the quasars whose broad Mg II and Hβ are simultaneously available in the BOSS spectra. The Mg II and Hβ mass estimators are correlated with each other and yield consistent M BH over three orders of magnitude in mass. The M BH ratios between the Mg IIbased values and the Hβbased value yield a negligible mean value of 0.053 dex and standard deviation of 0.239.
In the above discussions, we noted that a combination of three Gaussian functions can better describe the broad emission components relative to a single Gaussian function. Therefore, in the following discussions, we calculate the virial mass of the black holes using the FWHMs of the fits modeling the broad Hβ or Hα components by a combination of three Gaussian functions. Both the continuum/line luminosities and the FWHMs are provided in our catalogs. Thus, readers can also infer the M BH using the FWHMs of the fits modeling the broad Hβ or Hα components by a single Gaussian function. In the left panel of Figure 8 , we show the distributions of the M BH for all quasars, which are inferred from the broad Hβ or Hα if they are available in the BOSS spectra. It is clear that the M BH of quasars in our sample are over three orders of magnitude. The middle and right panels of Figure 8 compare the M BH for the quasars whose broad Hβ and Hα are simultaneously available in the BOSS spectra. We find that there is a clear systematic difference between the M BH inferred by the Hβ and Hα mass estimators. The ratios of the M BH between the Hβ and Hα mass estimators show a significant offset of 0.269 dex and a standard deviation of 0.22.
We note that the Hβ and Hαbased mass estimators are calibrated from much smaller samples (e.g.; Greene & Ho 2005; Vestergaard & Peterson 2006) compared to the quasar sample of this work. This could be an important reason why there is an obvious difference between the Hβ and Hαbased masses. Here, using our large quasar sample, we improve the Hβ and Hα based mass estimators by minimizing the difference between the Hβ and Hα based mass. This requires two sets of parameters (a,b) to fix the Equation (1), one for Hβ mass estimator and one for Hα mass estimator. We First fix the "b" parameter to be equal to 0.5, which is the theoretical expectation (e.g.; Peterson 1997), then select the "a" parameter on the (a,0.50) line. We find that (a, b) = (7.00, 0.50) for the Hα and (a, b) = (6.96, 0.50) for the Hβ are the best choices. Using these two sets of parameters, we infer the M BH from the Equation (1), respectively. The results are shown in Figure 9 . The ratio between the Hβ and Hα based mass exhibits a negligible offset of −0.003 dex and a standard deviation of 0.188. Figure 10 exhibits distributions of equivalent widths at restframe for emission lines with EW λ ≥ 3σ EW λ . Both broad Hβ and Hα have equivalent widths over more than one order of magnitude. There is a remarkable correlation in the equivalent widths between broad Hβ and Hα. The ordinary least-square linear-fitting yields EW Hα = (21.198 ± 0.382) + (4.520 ± 0.007) × EW Hβ , (3) which is shown as the red solid line in the middle panel of Fig The tight relationship between optical continuum luminosity and the luminosity of Balmer emission lines was uncovered about four decades ago (e.g. ; Yee 1980; Shuder 1981) , and now the continuum luminosity is widely utilized as the proxy of Hα and Hβ line luminosities to characterize the properties of central objects. In Figure 12 , we exhibit the relationships between continuum luminosity at 5100 Å and the luminosity of Balmer emission lines for the quasars whose broad Hβ and/or Hα are available in the BOSS spectra. Here, the line luminosities are the total emissions of both the broad and narrow components. It is clear that both the Hβ and Hα line luminosities are significantly related with the continuum luminosity over three orders of magnitude in luminosity. The ordinary least-squares linear fits yield We also derive the quasar continuum luminosity at 5100 Å from the fitting power law. In addition, making use of empirical relationships, we infer the virial mass of black holes from broad Hα and/or Hβ. We also estimate quasar redshifts from [O III] λ5007 emission lines if they are available in the BOSS spectra. These measured and derived quantities are available from the journal website.
The velocity offset of the visual inspection redshifts provided by (Pâris et al. 2017 ) with respect to the [O III] λ5007 based redshifts derived in this paper shows a negligible mean offset of 9 km s , which suggests that the visual inspection redshifts included in DR12Q should be robust for quasars with z em < 0.9.
For the quasars whose broad Hβ and Hα are available in the BOSS spectra, we find that the FWHMs, equivalent widths and line luminosities of the broad Hβ are tightly correlated with the corresponding quantities of the broad Hα. In addi- tion, the FWHMs of the broad Hα are consistent with those of the broad Hβ, while both the equivalent widths and line luminosities of the broad Hα are obviously larger than those of the broad Hβ. These results are similar to previous studies.
We externally match the broad Hβbased M BH estimated in this paper to the broad Mg IIbased M BH provided by Kozłowski (2017) for the quasars whose broad Hβ and Mg II are available in the BOSS spectra, and find that the two mass estimators yield consistent M BH . We also cross-check internally the broad Hβ and Hα based M BH , and find that there is a significant offset between the Hβ and Hαbased mass if they are inferred from the empirical relationships in the literature (e.g.; Greene & Ho 2005; Vestergaard & Peterson 2006) . Using our large quasar sample, we have improved the Hβ and Hαbased mass estimators by minimizing the difference between the Hβ and Hαbased mass. For the coefficients of (a,b) in the Equation (1), we find that (a, b) = (7.00, 0.50) for the Hα and (a, b) = (6.96, 0.50) for the Hβ are the best choices. Using these two sets of parameters, the Hβ and Hα mass estimators produce consistent virial masses of the black holes. 5 Continuum luminosity at 5100 Å, which is directly determined from the fitting power-law.
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Black hole mass inferred by Equation (2) 
-13
Line luminosity, equivalent width, and corresponding 1σ errors for the broad Hα modeled by a combination of three Gaussian functions. 0.0 indicates that the broad Hα has EW Hα < 3σ EW Hα .
14 Total line luminosity of the broad plus narrow Hα components. 0.0 indicates that the broad Hα component has EW Hα < 3σ EW Hα . 
36
Reduced χ 2 of the line fits in Hα spectral region. The broad Hα components are modeled with a combination of three Gaussian functions.
37
Reduced χ 2 of the line fits in Hα spectral region. The broad Hα components are modeled with a single Gaussian function.
-39
Number of good pixels and median S/N per pixel in Hβ spectral region (6400 -6800 Å). 5 Continuum luminosity at 5100 Å, which is directly determined from the fitting power-law.
6
Black hole mass inferred by Equation (1) with the (a, b) = (6.91, 0.50) and the FWHM of the broad Hβ modeled by a combination of three Gaussian functions. 0.0 indicates that the broad has EW Hβ < 3σ EW Hβ .
7 Black hole mass inferred by Equation (1) 
-13
Line luminosity, equivalent width, and corresponding 1σ errors for the broad Hβ modeled by a combination of three Gaussian functions. 0.0 indicates that the broad Hβ has EW Hβ < 3σ EW Hβ .
14 Total line luminosity of the broad plus narrow Hβ components. 0.0 indicates that the broad Hβ component has EW Hβ < 3σ EW Hβ .
-18
Line luminosity, equivalent width, and corresponding 1σ errors for the narrow Hβ component. 0.0 indicates that the narrow Hβ component has EW Hβ < 2σ EW Hβ . 
28
Reduced χ 2 of the line fits in Hβ spectral region. The broad Hβ components are modeled with a combination of three Gaussian functions.
